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(54) ZOOM LENS 
(57)Abstract: 

PROBLEM TO BE SOLVED: To sufficiently bring out potential ability of a four-group 
compositional zoom lens and to solve the manufacturing problem of each component 
caused by that zoom ratio is made high in magnification. 

SOLUTION: In this zoom lens 1 of a multiple-group composition having plural lens 
groups, a first lens group GRI that is positioned to be the closest to an object side is 
composed of a cemented lens of a first concave meniscus L1 whose convex surface 
is directed to the object side and a second convex lens L2, and a third convex 
meniscus lens L3 whose convex surface is directed to the object side in this order 
from the object side. As the material of the second lens, the glass material whose 
degree of wear is >300 is used, and a thin resin layer is formed on at least one 
surface of the second lens. 
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CLAIMS 
[Claim(s)] 

[Claim 1] In the zoom lens of the multi-group configuration which has two or more 
lens groups, the 1st lens group most located in a body side It is constituted by the 
3rd lens of the convex meniscus lens which turned the convex to the cemented lens 
[ of the 1st lens of a concave meniscus lens and the 2nd lens of a convex lens which 
turned the convex to the body side sequentially from the body side ], and body side. 
The zoom lens characterized by for whenever [ wear ] having used 300 or more ** 
material for the construction material of the 2nd lens, and forming the film of resin in 
the front face of the 1 st [ at least ] page. 

[Claim 2] In the zoom lens of the multi-group configuration which has two or more 
lens groups, the 1st lens group most located in a body side It is constituted by the 
3rd lens of the convex meniscus lens which turned the convex to the cemented lens 
[ of the 1st lens of a concave meniscus lens and the 2nd lens of a convex lens which 
turned the convex to the body side sequentially from the body side ], and body side. 
The zoom lens characterized by for whenever [ wear ] having used 300 or more ** 
material for the construction material of the 3rd lens, and forming the film of resin in 
the front face of the 1 st [ at least ] page. 

[Claim 3] Sequentially from a body side, it has forward refractive power and always 
has negative refractive power with the 1st lens group of immobilization. The 2nd lens 
group movable mainly for variable power, In the zoom lens which has forward 
refractive power, always has forward refractive power with the 3rd lens group of 
immobilization, and is constituted by the 4th lens group movable for amendment of 
the focal location by zooming, and focusing It is constituted, the 3rd lens of the 
convex meniscus lens which turned the convex to the cemented lens [ of the 1st lens 
of a concave meniscus lens and the 2nd lens of a convex lens with which the above- 
mentioned 1st lens group turned the convex to the body side in order / side / body ], 
and body side — The above-mentioned 2nd lens group is constituted by the 4th lens 
of the concave meniscus lens which turned the convex to the body side sequentially 



from the body side, and the cemented lens of the 5th lens of a biconcave lens, and 
the 6th lens of a convex lens. It is constituted, the above-mentioned 3rd lens group - 
- the order from a body side — the cemented lens of the 7th lens of a convex lens, 
and the 8th lens of a concave lens — the above-mentioned 4th lens group It is 
constituted, the cemented lens of the 9th lens of a concave meniscus lens and the 
10th lens of a convex lens which turned the convex to the body side sequentially from 
the body side, and the 1 1th lens of a convex lens — The aspheric surface constitutes 
at least one field of each lens which constitutes the 1st lens group. The zoom lens 
which considers as the aspheric surface configuration to which the field constituted 
by the above-mentioned aspheric surface becomes shallower than the depth of the 
paraxial spherical surface in an effective diameter in the case of a convex, and is 
characterized by considering as the aspheric surface configuration which becomes 
deeper than the depth of the paraxial spherical surface in an effective diameter in the 
case of a concave surface. 

[Claim 4] The zoom lens according to claim 3 characterized by making the aspheric 
surface into the compound aspheric surface constituted by forming the film of resin 
on the surface of the spherical surface. 

[Claim 5] The zoom lens according to claim 4 characterized by making it approach 
homogeneity, without distribution of the thickness of the layer of resin changing with 
a monotonous increment or monotonous reduction within an effective diameter by 
fitting the radius of curvature of the bulb side which forms the compound aspheric 
surface to an aspheric surface configuration. 

[Claim 6] The zoom lens according to claim 3 characterized by making the Abbe 
number of the construction material of at least one lens or more into 80 among the 
2nd lens and the 3rd lens which constitute the 1st lens group. 

[Claim 7] The zoom lens according to claim 1 characterized by constituting the field 
by the side of the image according to the compound aspheric surface while making 
the Abbe number of the construction material of the 2nd lens of the 1st lens group or 
more into 80. 

[Claim 8] The zoom lens according to claim 3 characterized by making the field by the 
side of the image into the compound aspheric surface constituted by forming the film 
of resin on the surface of the spherical surface while making the Abbe number of the 
construction material of the 2nd lens of the 1st lens group or more into 80. 
[Claim 9] The zoom lens according to claim 4 characterized by making the field by the 
side of the image into the compound aspheric surface constituted by forming the film 
of resin on the surface of the spherical surface while making the Abbe number of the 
construction material of the 2nd lens of the 1st lens group or more into 80. 
[Claim 10] The zoom lens according to claim 1 characterized by forming the film of 
resin in at least one field of the 3rd lens while making the Abbe number of the 
construction material of the 2nd lens of the 1st lens group, and the 3rd lens or more 
into 80. 



[Claim 11] The zoom lens according to claim 2 characterized by forming the film of 
resin in at least one field of the 3rd lens while making the Abbe number of the 
construction material of the 2nd lens of the 1st lens group, and the 3rd lens or more 
into 80. 

[Claim 12] The zoom lens according to claim 3 characterized by forming the film of 
resin in at least one field of the 3rd lens while making the Abbe number of the 
construction material of the 2nd lens of the 1st lens group, and the 3rd lens or more 
into 80. 

[Claim 13] The zoom lens according to claim 6 characterized by forming the film of 
resin in at least one field of the 3rd lens while making the Abbe number of the 
construction material of the 2nd lens of the 1st lens group, and the 3rd lens or more 
into 80. 

[Claim 14] The zoom lens according to claim 7 characterized by forming the film of 
resin in at least one field of the 3rd lens while making the Abbe number of the 
construction material of the 2nd lens of the 1st lens' group, and the 3rd lens or more 
into 80. 

[Claim 15] The zoom lens according to claim 8 characterized by forming the film of 
resin in at least one field of the 3rd lens while making the Abbe number of the 
construction material of the 2nd lens of the 1st lens group, and the 3rd lens or more 
into 80. 

[Claim 16] The zoom lens according to claim 9 characterized by forming the film of 
resin in at least one field of the 3rd lens while making the Abbe number of the 
construction material of the 2nd lens of the 1st lens group, and the 3rd lens or more 
into 80. 

[Claim 17] The zoom lens according to claim 3 characterized by for the aspheric 
surface having constituted the field by the side of the image of the 10th lens of the 
4th lens group while the aspheric surface constituted the field by the side of the body 
of the 7th lens of the 3rd lens group, and making these fields into the aspheric 
surface configuration which becomes shallower than the depth of the paraxial 
spherical surface in an effective diameter. 

[Claim 18] The zoom lens according to claim 3 characterized by the 3rd lens group 
and the 4th lens group satisfying the following conditions. 

- 0.018<1/nuIIK0.018-0.005<1/nuIV<0.005 however the equivalence Abbe number of 
the nuIH:3rd lens group, nuIV : consider as the equivalence Abbe number of the 4th 
lens group. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Although this invention is mainly high scale-factor-ization of 
the zoom lens of a noncommercial video camera, i.e., the most general zoom method, 
it relates to a technique for the brightness in a wide angle edge to offer the zoom lens 
with which various aberration was amended [ in / it is bright and / the zoom whole 
region ] good with about F1.8 while a zoom ratio attains super-high scale-factor- 
ization which is about 50 times. 
[0002] 

[Description of the Prior Art] Although the zoom lens of the conventional 
noncommercial video camera was indicated by the patent official report No. 2746155, 
like, sequentially from a body side, the thing of 4 group configurations which has 
forward, negative, forward, and forward refractive-power arrangement is it being 
general, and devising the configuration of the 3rd lens group and the 4th lens group, or 
utilizing the aspheric surface, and has raised functions, such as a raise in a scale 
factor, and a miniaturization. 

[0003] However, as for attaining a raise in a scale factor, and a miniaturization 
simultaneously, in the zoom lens, having undertaken to the miniaturization of an image 
sensor was large. 

[0004] Namely, although a precision required since each above-mentioned component 
part had to be greatly made before at the time of a fabrication of each component 
part of a zoom lens was not able to be taken out While the design of the zoom lens of 
a high scale factor is attained, it becomes able [ the magnitude of each above- 
mentioned component part ] to make it small relatively and its precision improves also 
in ordinary magnitude conventionally by the miniaturization of an image sensor 
according to a small image sensor It is because the lens of the activity which was not 
realistic will also become practical. 

[0005] This applicant offered the zoom lens of 5 group configurations which will 
realize an about 50 times as many zoom ratio as this by 3mm of screen diagonal line 
length in a patent application No. 236384 in Heisei 9 and which have forward, negative, 
forward, negative, and forward refractive-power arrangement sequentially from a body 
side. 

[0006] The zoom lens of the 5 above-mentioned group configurations was convenient 
also for there being effectiveness that a front ball diameter can be made small 
comparatively [ with a large zoom ratio ], and equipping the body side with optical 
vibration control (hand deflection amendment) equipments, such as adjustable 
vertical-angle prism. 

[0007] Moreover, there was the description also in it being one of the amendment 
means of spherical aberration or chromatic aberration that the f number in a tele edge 
can be made dark. 

[0008] However, the zoom lens of the 5 above-mentioned group configurations has 



the following troubles. 

[0009] That is, since it had the lens system of 5 group configurations if the f number 
in a tele edge is made dark since it will be too dark and will become a practical failure 
and, the number of sheets of a configuration lens also increased inevitably, and there 
was a problem that cost was high, as a noncommercial zoom lens. 
[0010] 

[Problem(s) to be Solved by the Invention] This invention makes it a technical 
problem to solve the problem on manufacture of each component part in accordance 
with high scale-factoHzation of a zoom ratio while fully pulling out the latency ability 
of the zoom lens of 4 group configurations in view of the above-mentioned trouble. 
[0011] 

[Means for Solving the Problem] In order to solve the above-mentioned technical 
problem, this invention zoom lens has the following configurations. 
[0012] In the zoom lens of a multi-group configuration with which the 1st thing has 
two or more lens groups The 3rd lens of the convex meniscus lens which turned the 
convex to the cemented lens [ of the 1st lens of a concave meniscus lens and the 
2nd lens of a convex lens which turned the convex to the body side for the 1st lens 
group most located in a body side sequentially from the body side ] t and body side 
constitutes. Whenever [ wear ] uses 300 or more ** material for the construction 
material of the 2nd lens, and the film of resin is formed in the front face of the 1 st 
[ at least ] page. 

[0013] Therefore, the 2nd lens which is a convex lens is cheaply manufactured by the 
large ** material of whenever [ wear ], and since required profile irregularity was 
acquired by amending the field which is not good as for the profile irregularity 
produced by using the large ** material of whenever [ wear ] by the film of resin, it 
becomes possible to reduce the manufacturing cost of a zoom lens. 
[0014] Moreover, the 2nd thing of this invention zoom lens is set on the zoom lens of 
the multi-group configuration which has two or more lens groups. The 3rd lens of the 
meniscus lens which turned the convex to the cemented lens [ of the 1st lens of a 
concave meniscus lens and the 2nd lens of a convex lens which turned the convex to 
the body side for the 1st lens group most located in a body side sequentially from the 
body side ], and body side constitutes. Whenever [ wear ] uses 300 or more ** 
material for the construction material of the 3rd lens, and the film of resin is formed 
in the front face of the 1st [ at least ] page. 

[0015] Therefore, since required profile irregularity was acquired by amending the field 
which is not good, as for the profile irregularity produced by manufacturing cheaply the 
3rd lens which is a meniscus lens which turned the convex by the large ** material of 
whenever [ wear ], and using the large ** material of whenever [ wear ] for a body 
side by the film of resin, it becomes possible to reduce the manufacturing cost of a 
zoom lens. 

[0016] The 3rd thing of this invention zoom lens has forward refractive power 



sequentially from a body side. Always Furthermore, the 1st lens group of 
immobilization, It has negative refractive power. The 2nd lens group movable mainly 
for variable power, In the zoom lens which has forward refractive power, always has 
forward refractive power with the 3rd lens group of immobilization, and is constituted 
by the 4th lens group movable for amendment of the focal location by zooming, and 
focusing The 3rd lens of the convex meniscus lens which turned the convex to the 
cemented lens [ of the 1st lens of a concave meniscus lens and the 2nd lens of a 
convex lens which turned the convex to the body side for the 1st lens group in order 
/ side / body ], and body side constitutes. The 4th lens of the concave meniscus lens 
which turned the convex to the body side sequentially from the body side, and the 
cemented lens of the 5th lens of a biconcave lens and the 6th lens of a convex lens 
constitute the 2nd lens group. The cemented lens of the 7th lens of a convex lens 
and the 8th lens of a concave lens constitutes the 3rd lens group sequentially from a 
body side. The cemented Tens of the 9th lens of a concave meniscus lens and the 
10th lens of a convex lens which turned the convex to the body side sequentially from 
the body side, and the 1 1th lens of a convex lens constitute the 4th lens group. The 
aspheric surface constitutes at least one field of each lens which constitutes the 1st 
lens group. In the case of a convex, the field constituted by this aspheric surface 
considers as the aspheric surface configuration which becomes shallower than the 
depth of the paraxial spherical surface in an effective diameter, and, in the case of a 
concave surface, considers as the aspheric surface configuration which becomes 
deeper than the depth of the paraxial spherical surface in an effective diameter. 
[0017] Therefore, it becomes possible to offer the zoom lens which equipped the 
maximum with a raise in a super-scale factor, and practical magnitude taking 
advantage of the advantage of a small image sensor, and was equipped with high 
definition sufficient as what is used for a noncommercial video camera. 
[0018] 

[Embodiment of the Invention] First, the outline of this invention zoom lens is 
explained. 

[0019] (1) In the zoom lens of the multi-group configuration which has two or more 
lens groups, the 1st lens group GRI most located in a body side The 3rd lens L3 of 
the convex meniscus lens which turned the convex to the cemented lens [ of the 1st 
lens L1 of a concave meniscus lens and the 2nd lens L2 of a convex lens which 
turned the convex to the body side sequentially from the body side ], and body side 
constitutes. Whenever [ wear ] uses 300 or more ** material for the construction 
material of the 2nd lens L2, and it is characterized by forming the film of resin in the 
front face of the 1 st [ at least ] page. 

[0020] (2) In the zoom lens of the multi-group configuration which has two or more 
lens groups, the 1 st lens group GRI most located in a body side The 3rd lens L3 of 
the convex meniscus lens which turned the convex to the cemented lens [ of the 1st 
lens L1 of a concave meniscus lens and the 2nd lens L2 of a convex lens which 



turned the convex to the body side sequentially from the body side ], and body side 
constitutes. Whenever [ wear ] uses 300 or more ** material for the construction 
material of the 3rd lens L3, and it is characterized by forming the film of resin in the 
front face of the 1st [ at least ] page. 

[0021] The above (1) and the configuration of (2) are most related with the means 
which makes cheap the manufacturing cost of the ** material used for the convex 
lens of the 1st lens group GRI which has a forward refractive index as a whole by the 
body side, when a zoom ratio tends to design the super-high scale-factor zoom lens 
which is about 50 times small. 

[0022] That is, in order to amend effectively the secondary spectrum by the side of 
looking far, at least one convex lens cannot but use super-low distribution glass or 
the powerful low distribution glass of abnormality partial-dispersion nature by the lens 
group of the three-sheet configuration of concave, a convex, and a convex, but as for 
the glass with these anomalous-scattering nature, whenever [ wear ] is as large as 
300 or more, and in order to acquire good profile irregularity, the skilled technician 
needs to finish it carefully. Moreover, there is difficulty of processing — since the 
front face is soft, a blemish tends to be attached, for example, a blemish tends to be 
attached by the bell chuck in a cardiac picking process. In addition, whenever [ wear ] 
is based on the measuring method based on Japanese optical-glass Semiconductor 
Equipment & Materials International specification (JOGIS). 
[0023] On the other hand, the lens of a noncommercial video camera has the 
circumstances which have contributed to making the manufacturing cost of a lens 
cheap and reducing the cost of the whole video camera by manufacturing cheaply by 
the operator who has neither a high-speed grinder nor a skillful technique. 
[0024] However, when the large ** material of whenever [ above-mentioned wear ] is 
processed by the above approaches, required profile irregularity will not be acquired 
but the so-called badness of NUKE by degradation of the image formation engine 
performance and **** by the side of looking far will be brought about. 
[0025] Therefore, this invention manufactures a lens cheaply by the operator who has 
neither a high-speed grinder nor a skillful technique using the large (300 or more) ** 
material of whenever [ wear ], the film of resin is formed in the front face of the 
spherical surface which is not good as for profile irregularity, the surface precision of 
this resin layer is secured by imprinting the field of a mold with a sufficient precision, 
and the same effectiveness as the time of grinding a glass lens with a sufficient 
precision is acquired. 

[0026] Sequentially from a body side, it has forward refractive power. Always (3) The 
1st lens group GRI of immobilization, It has negative refractive power. The 2nd lens 
group GRII movable mainly for variable power In the zoom lens which has forward 
refractive power, always has the 3rd lens group GRIII and the forward refractive 
power of immobilization, and is constituted by the 4th lens group GRIV movable for 
amendment of the focal location by zooming, and focusing The convex meniscus lens 



which turned the convex to the cemented lens [ of the 1st lens L1 of a concave 
meniscus lens and the 2nd lens L2 of a convex lens which turned the convex to the 
body side for the 1st lens group GRI in order / side / body ], and body side is caused 
3rd lens L3, and it constitutes. The 4th lens L4 of the concave meniscus lens which 
turned the convex to the body side sequentially from the body side, and a cemented 
lens with 6th lens L6 of the 5th lens L5 and convex lens of a biconcave lens 
constitute the 2nd lens group GRII. It constitutes, the 3rd lens group GRIH — the 
order from a body side — the cemented lens of the 7th lens L7 of a convex lens, and 
the 8th lens L8 of a concave lens — The cemented lens of the 9th lens L9 of a 
concave meniscus lens and the 10th lens L10 of a convex lens which turned the 
convex to the body side sequentially from the body side, and the 1 1th lens L1 1 of a 
convex lens constitute the 4th lens group GRIV. The aspheric surface constitutes at 
least one field of each lens which constitutes the 1st lens group GRI. In the case of a 
convex, the field constituted by this aspheric surface considers as the aspheric 
surface configuration which becomes shallower than the depth of the paraxial 
spherical surface in an effective diameter, and, in the case of a concave surface, is 
characterized by considering as the aspheric surface configuration which becomes 
deeper than the depth of the paraxial spherical surface in an effective diameter. 
[0027] (4) It is characterized by making the aspheric surface of the above-mentioned 
1st lens group GRI into the compound aspheric surface in which the film of resin was 
formed on the surface of the spherical surface. 

[0028] (5) Distribution of the thickness of the layer of resin is characterized by 
making it approach homogeneity, without changing with a monotonous increment or 
monotonous reduction within an effective diameter by fitting the radius of curvature 
of the bulb side which forms the compound aspheric surface of the 1st lens group 
GRI to an aspheric surface configuration. 

[0029] (6) It is characterized by making the Abbe number of the construction material 
of at least one lens or more into 80 among the 2nd lens L2 and the 3rd lens L3 which 
constitute the 1st lens group GRI. 

[0030] (7) While making the Abbe number of the construction material of the 2nd lens 
L2 of the 1st lens group GRI or more into 80, it is characterized by constituting the 
field by the side of the image according to the compound aspheric surface. 
[0031] (8) While making the Abbe number of the construction material of the 2nd lens 
L2 of the 1st lens group GRI, and the 3rd lens L2 or more into 80, it is characterized 
by forming the film of resin in at least one field of the 3rd lens L3. 
[0032] (9) While the aspheric surface constitutes the field by the side of the body of 
the 7th lens L7 of the 3rd lens group GRIH, the aspheric surface constitutes the field 
by the side of the image of the 10th lens L10 of the 4th lens group GRIV, and it is 
characterized by making these fields into the aspheric surface configuration which 
becomes shallower than the depth of the paraxial spherical surface in an effective 
diameter. 



[0033] (10) The 3rd lens group and the 4th lens group are characterized by satisfying 
the following conditions. 

- 0.018<1/nuIII<0.018 (conditional expression 1) 

- 0.005<1/nuIV<0.005 (conditional expression 2) 

However, the equivalence Abbe number of the nuIII:lens [ 3rd ] group GRIII, nuIV: 
Consider as the equivalence Abbe number of the 4th lens group GRIV. 
[0034] With in addition, equivalence Abbe number nuIII of the 3rd lens group GRIII 
When setting the focal distance and the Abbe number of fill, the 7th lens L8, and the 
8th lens L9 to f7, f8, nu7, and nu8 for the expedient synthetic focal distance which 
calculated the 3rd lens group GRIII as a light-gage adhesion system, respectively, It is 
the value which is acquired from 1/fIII=1/f7+1/f8 and 1/fIII-nu 111=1 /f7 and nu7+1/f8, 
and nu 8 and which was transposed to the single lens of thin meat for convenience. 
Similarly with equivalence Abbe number nuIV of the 4th lens group GRIV The 
expedient synthetic focal distance which calculated the 4th lens group GRIII as a 
light-gage adhesion system fIV, When setting the focal distance and the Abbe number 
of the 9th lens L9, the 10th lens L10, and the 11th lens L1 1 to f9, f10, f11, nu9, nu10, 
and f1 1, respectively, It is the value which is acquired from 1/fIV=1/f9+1/f1Q+1/f1 1 
and 1/fIV-nu IV=1/f9 and nu9+1/f10 and nu10+1/f11, and nu 11 and which was 
transposed to the single lens of thin meat for convenience. 

[0035] The above (3) thru/or the configuration of (10) show the configuration of each 
lens group concretely so that high scale-factor-ization of a zoom ratio may be suited 
in the latency ability of the zoom lens of 4 group configurations. 
[0036] Although the 1st lens group GRI and the 2nd lens group GRII have the 
configuration used from the former as a lens type, the glass which has anomalous- 
scattering nature was used for the convex lens of the 1st lens group GRI. [ many ] 
[0037] Moreover, it is necessary to make at least one field into the aspheric surface 
among the lenses which constitute the 1st lens group GRI mainly in order to amend 
the spherical aberration by the side of looking far. This is because it is not avoided 
that a proper-factor remains in the undershirt side of spherical aberration, when the 
field of each lens which constitutes the 1st lens group GRI is constituted only from 
the spherical surface. 

[0038] The 2nd lens group GRII has given the proper-factor to the excess side so 
that the spherical aberration generated from the 1st lens group GRI may be amended. 
[0039] In addition, there is a property in which it is decided that the effect the 
spherical aberration generated from the lens group affects the amount of spherical 
aberration of the lens whole system by the relation between a proper-factor and the 
beam-of-light high by which the beam of light which carried out incidence to the 
optical axis at parallel passes along the principal plane of the lens group will be each 
lens group. 

[0040] Moreover, since the bundle of rays decided by the f number in a wide angle 
edge is thin, the effect of the lens whole system on the spherical aberration 



generated from the 1st lens group GRI and the 2nd lens group GRII is small. Although 
the beam-oHight high which carries out incidence to the 1st lens group GRI becomes 
high and the yield of the spherical aberration by the side of an undershirt increases as 
sault MINGU is carried out and it goes to a looking-far side Since the beam-oHight 
high in the 2nd lens group GRII increases in proportion to this, the yield of the 
spherical aberration by the side of excess also increases, the denial-related balance 
of the spherical aberration of the 1st lens group GRI and the 2nd lens group GRII is 
maintained, and an amendment situation good as the lens whole system comes to be 
maintained. 

[0041] However, if zooming is further carried out to a looking-far side and an 
incident-ray bundle becomes [ the f number ] extremely dark in response to a limit 
with the diameter of opening of the 1 st lens group GRI In spite of being the conditions 
from which the beam-oHight high which carries out incidence to the 2nd lens group 
GRII starts to decrease, and the residual spherical aberration of the 1st lens group 
GRI serves as max The spherical aberration by the side of 2nd lens group GRII field 
over will decrease, and the spherical aberration of the lens whole system remains in 
an undershirt side greatly, and it becomes impossible to amend this by the lens group 
after the 2nd lens group GRII. 

[0042] By the way, these people offered the cause by which are the above-mentioned 
looking-far side and spherical aberration remains also in an undershirt side in the 
above-mentioned Heisei 9 patent application No. 236384, and a means to use the 
aspheric surface for the 1st lens group as the solution. 

[0043] Therefore, also in this invention zoom lens, although the configuration of a lens 
system has changed from the thing of the 5 above-mentioned group methods to the 
thing of 4 group methods, if the above-mentioned cause and a cure are applied as it 
is, it will become a practical and economical means to attain simultaneously a raise in 
the scale factor of a zoom ratio, a miniaturization, and good chief examiner 
amendment as a lens of a noncommercial video camera. 

[0044] In this invention, to aspheric-surface-izing of the 1st lens group GRI, since the 
effective diameter of a lens being large and anomalous-scattering nature glass do not 
turn to a mould process, it is realistic to form the compound aspheric surface film in 
the front face made into the spherical surface by polish. 

[0045] To the above-mentioned looking-far side When the big residual spherical 
aberration which can be set is amended in the compound aspheric surface, the burden 
of the aspheric surface over aberration amendment is large, and it becomes sensitive 
to the gap from the configuration on the design of the aspheric surface changing [ of 
aberration ] it. When too sensitive, it becomes impossible to also disregard change of 
few configurations by the temperature change to fluctuation of aberration, although it 
is so small that configuration change can generally be disregarded to a temperature 
change, since the compound aspheric surface film is an about 0.1mm thin resin layer. 
[0046] Since the amount of aspheric surfaces as a gap from the paraxial spherical 



surface is required because of aberration amendment, change of the aberration by the 
temperature change cannot be made sensitive by the shape of surface type. However, 
bringing close to a parallelism configuration is possible by equalizing change of the 
configuration by the temperature change. 

[0047] Moreover, since the refractive power of the spherical surface of the 
anomalous-scattering nature glass which attaches aspheric surface resin is 
dramatically weak when the refractive index of the aspheric surface resin with which 
the refractive index of anomalous-scattering nature glass forms a resin layer about by 
1.49 is made about into 1.53, it can be used as a degree of freedom for equalizing the 
thickness of a resin layer. That is, the radius of curvature of the spherical surface 
which fits the aspheric surface on the front face of resin on the average is set up, 
and by doubling the spherical surface of anomalous-scattering nature glass with the 
radius of curvature, a resin layer can be equalized without carrying out monotonous 
increment and monotonous reduction. 

[0048] In addition, although anomalous-scattering nature glass is the graph expressed 
with the value defined by (ng-nF)/(Nf-nC) and the Abbe number and that from which 
it separated greatly from the straight line which connects C7 and F2 was said, since it 
was important in this invention to combine abnormality partial-dispersion nature and 
low dispersibility, it was made to use it for the 2nd lens L2 or the 3rd lens L3 whose 
Abbe number is a convex lens about 80 or more glass. 

[0049] Although the 3rd lens group GRIII and the 4th lens group GRIV are for 
amending the various aberration of a medium focal region mainly from a wide angle 
edge, there is a zoom lens indicated by the patent official report No. 2774680 as a 
lens system suitable for such good aberration amendment. And fundamental lens 
arrangement and the fundamental configuration of this invention are similar to the 
zoom lens indicated by the above-mentioned official report. 

[0050] However, in order to have an about 8-time zoom ratio and for a zoom ratio to 
obtain amendment of good aberration by about 50 times, various aberration is 
improved by modification or an addition of the component of this invention, and it is 
made insensible also to the error of components precision or assembly precision, and 
the zoom lens indicated by the above-mentioned official report is at the mass 
production time. It is necessary to raise the repeatability of the design engine 
performance which can be set. 

[0051] For example, if the convex lens and the concave lens are not joined, the 3rd 
lens group GRIII will produce eccentricity at the time of assembly, and will cause 
piece dotage. Therefore, in this invention, the engine performance stabilized because 
it is made to perform a centering at the time of junction is obtained by making these 
into a cemented lens. In addition, amendment of the spherical aberration and comatic 
aberration by the side of a wide angle can improve by considering as the field which 
serves for refractive power to become weak as it makes the aspheric surface the 
field by the side of the body of the 7th lens L7 which is a convex lens and separates 



from an optical axis. 

[0052] Moreover, while the 4th lens group GRIV attains stabilization of the engine 
performance at the time of mass production by using as a cemented lens the 9th lens 
L9 which is a concave lens, and the 10th lens L10 which is a convex lens, the work 
which suppresses fluctuation of the aberration by amendment and the 4th lens group 
GRIV of a curvature of field mainly moving is given by making the field by the side of 
the image of the 10th lens L10 into the aspheric surface. 

[0053] Next, amendment of the chromatic aberration in a medium focal distance 
region is explained from a wide angle edge. 

[0054] To amendment of axial overtone aberration, the effect of the 3rd lens group 
GRIII and the 4th lens group GRIV is large, and the effect of the 4th lens group GRIV 
is large about amendment of the chromatic aberration of magnification to it. Moreover, 
since the 4th lens group GRIV moves in connection with zooming and focusing, this 
causes [ of chromatic aberration ] fluctuation. 

[0055] The above-mentioned conditional expression 1 is for specifying the conditions 
for the achromatism of the 3rd lens group GRIII, and making it amendment of 
chromatic aberration not incline toward the 4th lens group GRIV. 
[0056] That is, in conditional expression 1, if the value of 1/nuIII exceeds an upper 
limit, the achromatism effectiveness by the 3rd lens group GRIII becomes weak, and 
cannot but strengthen the achromatism effectiveness of the part and the 4th lens 
group GR4. 

[0057] Moreover, if the value of 1/nuIV comes to exceed a minimum as a result in the 
conditional expression 2 which specified the conditions for the achromatism of the 
4th lens group GRIV, fluctuation of the axial overtone aberration and the chromatic 
aberration of magnification accompanying migration of the 4th lens group GRIV will 
exceed tolerance, and this will become the fault of a high scale-factor zoom lens. 
[0058] Although the achromatism effectiveness of the 4th lens group GRIV must be 
weakened in order to balance axial overtone aberration if the value of 1/nuIII exceeds 
a minimum in conditional expression 1 reversely If the value of 1/nuIV comes to 
exceed an upper limit in conditional expression 2 by this, since the chromatic 
aberration of magnification will mainly be amended by the 4th lens group GRIV, it 
becomes difficult especially to amend [ of the chromatic aberration of magnification at 
the time besides migration hemorrhoids ] the 4th lens group GRIV at a body side. 
[0059] Next, the numerical example which shows the gestalt of operation of this 
invention zoom lens is explained with reference to an accompanying drawing. 
[0060] First, a common matter is explained. 

[0061] A zoom lens 1 has forward refractive power sequentially from a body side. 
Always The 1st lens group GRI of immobilization, It has negative refractive power. The 
2nd lens group GRII movable mainly for variable power Have forward refractive power 
and it always has the 3rd lens group GRIII and the forward refractive power of 
immobilization. It is constituted by the 4th lens group GRIV movable for amendment of 



the focal location by zooming, and focusing. The convex meniscus lens which turned 
the convex to the cemented lens [ of the 1st lens L1 of a concave meniscus lens and 
the 2nd lens L2 of a convex lens which turned the convex to the body side for the 1st 
lens group GRI in order / side / body ], and body side is caused 3rd lens L3, and it 
constitutes. The 4th lens L4 of the concave meniscus lens which turned the convex 
to the body side sequentially from the body side, and a cemented lens with 6th lens 
L6 of the 5th lens L5 and convex lens of a biconcave lens constitute the 2nd lens 
group GRII. It constitutes, the 3rd lens group GRIH — the order from a body side — 
the cemented lens of the 7th lens L7 of a convex lens, and the 8th lens L8 of a 
cpncave lens — The cemented lens of the 9th lens L9 of a concave meniscus lens 
and the 10th lens L10 of a convex lens which turned the convex to the body side 
sequentially from the body side, and the 1 1th lens L1 1 of a convex lens constitute the 
4th lens group GRIV. 

[0062] Moreover, in a zoom lens 1, the field by the side of the body of the 2nd lens L2 
of the 1st lens group GRI is the compound aspheric surface, the field by the side of 
the body of the 7th lens L7 of the 3rd lens group GRIH is the aspheric surface, and 
the field by the side of the image of the 10th lens L10 of the 4th lens group GRIV is 
the aspheric surface. 

[0063] Furthermore, it extracts between 6th lens L6 of the 2nd lens group GRII, and 
the 7th lens L7 of the 3rd lens group GRIH, and the filter 4 is arranged for 2 between 
the 1 1th lens of the 4th lens group GRIV, and the image surface 3. 
[0064] Each numerical example which shows the detail of this invention zoom lens 
below is shown. 

[0065] In addition, the suffix in connection with the thin resin layer which counted "i'" 
from the body side and was formed in the i~th field in the following explanation, [ri] is 
counted from a body side. The radius of curvature of the i-th field and "di" The 
spacing between the i-th page and the i+1st page, The refractive index in d line of 
construction material by which "ni" constitutes the i-th lens Li, the Abbe number of 
the construction material from which "nui" constitutes the i-th lens Li, The expedient 
synthetic focal distance in which "fi" calculated the 3rd lens group GRIH for the focal 
distance of the i-th lens Li, and "fill" as a light-gage adhesion system, Let "fIV(s)" be 
the expedient synthetic focal distance which calculated the 4th lens group GRIV as a 
light-gage adhesion system, the equivalence Abbe number of the 3rd lens group GRIH 
of "nuIH", and the equivalence Abbe number of the 4th lens group GRIV of "nuIV." 
[0066] moreover — if the definition of the aspheric surface sets "xi" and the height 
from an optical axis to "H" for the depth of the aspheric surface — 1+(1~H2/ri2) 1 / 
xi=H2/ri{2}+sigma (Aj-jHj) 

It is alike and shall define. And in each table showing the following aspheric surface 
multipliers, Y shows the exponential notation which uses 10 as a bottom, and "e-3" 
is "10-3." 

[0067] The following table 1 and drawing 2 show the configuration of each numeric 



value of the zoom lens 1 concerning the numerical example 1, and the 1st lens group 

GRI. 

[0068] 

[A table 1] 

0" 



[0069] As shown in the above-mentioned table 1, in connection with zooming ** 
focusing of a zoom lens 1, spacings d5, d10, d14, and d19 are adjustable (variable). 
Therefore, each numeric value of each above-mentioned adjustable spacing in the 
medium focal location (f= 40.131) of a wide angle edge (f= 2.316), a tele edge (f= 
122.02) and a wide angle edge, and a tele edge is shown in a table 2. 
[0070] 



> table 2] 



[0071] Moreover, field r3' constituted by the aspheric surface, 4th aspheric surface 
multiplier A4 [ 6th / 8th / 10th ] of r12 and r17, and A6, A8 and A10 are shown in a 
table 3. 
[0072] 

> table 3] 

0 - 



[0073] Each numeric value relevant to said conditional expression 1 and 2 is shown in 

a table 4. 

[0074] 

A table 4] 



[0075] The spherical aberration in the medium focal location and tele edge of a wide 
angle edge, a wide angle edge, and a tele edge, astigmatism, and distortion aberration 
are shown in drawing 3 thru/or drawing 5 , respectively. 

[0076] In addition, in spherical-aberration drawing, d line and a broken line show g line, 
an alternate long and short dash line shows the value in C line, and a continuous line 
shows a value [ in / a continuous line and / in a broken line / a meridional image 
surface ] in astigmatism drawing (also setting to each following example of numerical 



**** the same). [ the sagittal image surface ] 

[0077] A table 5 and drawing 6 show the configuration of each numeric value of zoom 
lens 1A concerning the numerical example 2, and the 1st lens group GRI. 
[0078] 
[A table 5] 




[0079] As shown in the above-mentioned table 5, in connection with zooming and 
focusing of zoom lens 1A, spacings d5, d10, d14, and d19 are adjustable (variable). 
Therefore, each numeric value of each above-mentioned adjustable spacing in the 
medium focal location (f= 40.552) of a wide angle edge (f= 2.304), a tele edge (f= 
122.22) and a wide angle edge, and a tele edge is shown in a table 6. 
[0080] 
[A table 6] 




[0081] Moreover, field r3' constituted by the aspheric surface, 4th aspheric surface 
multiplier A4 [ 6th / 8th / 10th ] of r12 and r17, and A6, A8 and A10 are shown in a 
table 7. 
[0082] 
[A table 7] 




[0083] Each numeric value relevant to said conditional expression 1 and 2 is shown in 
a table 8. 
[0084] 
.A table 8] 




[0085] The spherical aberration in the medium focal location and tele edge of a wide 
angle edge, a wide angle edge, and a tele edge, astigmatism, and distortion aberration, 
are shown in drawing 7 thru/or drawing 9 , respectively. 

[0086] A table 9 and drawing 10 show the configuration of each numeric value of 
zoom lens 1B concerning the numerical example 3, and the 1st lens group GRI. 
[0087] 
[A table 9] 



[0088] As shown in the above-mentioned table 9, in connection with the **** 
implement and focusing of a zoom lens 1, spacings d5, d1 0, d14, and d19 are 
adjustable (variable). Therefore, each numeric value of each above-mentioned 
adjustable spacing in the medium focal location (f= 40.131) of a wide angle edge (f= 
2.316), a tele edge (f= 122.02) and a wide angle edge, and a tele edge is shown in a 
table 10. 
[0089] 
[A table 10] 



0- 



[0090] Moreover, field r3' constituted by the aspheric surface, 4th aspheric surface 
multiplier A4 [ 6th / 8th / 10th ] of r12 and r17, and A6, A8 and A10 are shown in a 
table 11. 
[0091] 

!A table 11] 

0" 



[0092] Each numeric value relevant to said conditional expression 1 and 2 is shown in 

a table 12. 

[0093] 

> table 12] 

0" ~" ~ 



[0094] The spherical aberration in the medium focal location and tele edge of a wide 
angle edge, a wide angle edge, and a tele edge, astigmatism, and distortion aberration 
are shown in drawing 1 1 thru/or drawing 13 , respectively. 

[0095] As indicated above, according to this invention, it becomes possible to offer 
the zoom lens which attained simultaneously high definition sufficient as what is used 
for a raise in a super-scale factor, the practical magnitude, and the noncommercial 
video camera of a zoom ratio at the maximum taking advantage of the effectiveness 
of the miniaturized image sensor only by adding a new component to the zoom lens of 



4 general group configurations conventionally. 

[0096] Moreover, it becomes possible to obtain the zoom lens which became good 
also in respect of the workability of a lens with the combination of each above- 
mentioned component. 

[0097] In addition, it passes over no the concrete configurations and structures of 
each part which were shown in the gestalt of said operation to what showed a mere 
example of the somatization which hits carrying out this invention, and the technical 
range of this invention is not restrictively interpreted by these. 
[0098] 

[Effect of the Invention] So that clearly from the place indicated above this invention 
zoom lens In the zoom lens of the multi-group configuration which has two or more 
lens groups, the 1st lens group most located in a body side The 3rd lens of the 
convex meniscus lens which turned the convex to the cemented lens [ of the 1st lens 
of a concave meniscus lens and the 2nd lens of a convex lens which turned the 
convex to the body side sequentially from the body side ], and body side constitutes. 
Since whenever [ wear ] used 300 or more ** material for the construction material 
of the 2nd lens and the film of resin was formed in the front face of the 1st [ at 
least ] page Since required profile irregularity was acquired by amending the field 
which is not good as for the profile irregularity produced by manufacturing cheaply the 
2nd lens which is a convex lens by the large ** material of whenever [ wear ], and 
using the large ** material of whenever [ wear ] by the film of resin The 
manufacturing cost of a zoom lens can be reduced. 

[0099] In the zoom lens of the multi-group configuration which has two or more lens 
groups if it is in invention indicated to claim 2 The 3rd lens of the meniscus lens 
which turned the convex to the cemented lens [ of the 1st lens of a concave 
meniscus lens and the 2nd lens of a convex lens which turned the convex to the body 
side for the 1st lens group most located in a body side sequentially from the body 
side ], and body side constitutes. Since whenever [ wear ] used 300 or more ** 
material for the construction material of the 3rd lens and the film of resin was formed 
in the front face of the 1st [ at least ] page The 3rd lens which is a meniscus lens 
which turned the convex to the body side is cheaply manufactured by the large ** 
material of whenever [ wear ]. Since required profile irregularity was acquired by 
amending the field which is not good as for the profile irregularity produced by using 
the large ** material of whenever [ wear ] by the film of resin, the manufacturing cost 
of a zoom lens can be reduced. 

[0100] If it is in invention indicated to claim 3, it has forward refractive power 
sequentially from a body side. Always The 1st lens group of immobilization, It has 
negative refractive power. The 2nd lens group movable mainly for variable power, In 
the zoom lens which has forward refractive power, always has forward refractive 
power with the 3rd lens group of immobilization, and is constituted by the 4th lens 
group movable for amendment of the focal location by zooming, and focusing The 3rd 



lens of the convex meniscus lens which turned the convex to the cemented lens [ of 
the 1st lens of a concave meniscus lens and the 2nd lens of a convex lens which 
turned the convex to the body side for the 1st lens group in order / side / body ], 
and body side constitutes. The 4th lens of the concave meniscus lens which turned 
the convex to the body side sequentially from the body side, and the cemented lens 
of the 5th lens of a biconcave lens and the 6th lens of a convex lens constitute the 
2nd lens group. The cemented lens of the 7th lens of a convex lens and the 8th lens 
of a concave lens constitutes the 3rd lens group sequentially from a body side. The 
cemented lens of the 9th lens of a concave meniscus lens and the 10th lens of a 
convex lens which turned the convex to the body side sequentially from the body side, 
and the 1 1th lens of a convex lens constitute the 4th lens group. The aspheric 
surface constitutes at least one field of each lens which constitutes the 1st lens 
group. Since the field constituted by this aspheric surface considered as the aspheric 
surface configuration which becomes shallower than the depth of the paraxial 
spherical surface in an effective diameter in the case of the convex and considered 
as the aspheric surface configuration which becomes deeper than the depth of the 
paraxial spherical surface in an effective diameter in the case of the concave surface 
The zoom lens which equipped the maximum with a raise in a super-scale factor and 
practical magnitude taking advantage of the advantage of a small image sensor, and 
was equipped with high definition sufficient as what is used for a noncommercial video 
camera can be offered. 

[0101] Moreover, if it is in invention indicated to claim 4, since it considered as the 
compound aspheric surface which constituted the aspheric surface by forming the 
film of resin on the surface of the spherical surface, it is accurate and the aspheric 
surface configuration on the front face of a lens can be constituted cheaply. 
[0102] If it was in invention indicated to claim 5, since it was made to approach 
homogeneity, without distribution of the thickness of the layer of resin changing with 
a monotonous increment or monotonous reduction within an effective diameter by 
fitting the radius of curvature of the bulb side which forms the compound aspheric 
surface to an aspheric surface configuration, fluctuation of the various aberration 
produced by change of the configuration of the lens side by the temperature change 
can be controlled effectively. 

[0103] If it was in invention indicated to claim 6, since the Abbe number of the 
construction material of at least one lens was made or more into 80 among the 2nd 
lens and the 3rd lens which constitute the 1st lens group, the ** material of the 
construction material which combines abnormality partial-dispersion nature and low 
dispersibility can be used. 

[0104] Furthermore, if it is in invention indicated to claim 7 thru/or claim 9 While 
making the Abbe number of the construction material of the 2nd lens of the 1st lens 
group or more into 80 Since it constituted by forming the film of resin in the front 
face of the spherical surface, while being able to use the ** material of the 



construction material which combines abnormality partial-dispersion nature and low 
dispersibility for the 2nd lens, the precision on the front face of a lens can be raised. 
[0105] If it is in invention indicated to claim 10 thru/or claim 16 While making the 
Abbe number of the construction material of the 2nd lens of the 1st lens group, and 
the 3rd lens or more into 80 Since the film of resin was formed in at least one field of 
the 3rd lens, while being able to use the ** material of the construction material 
which combines abnormality partial-dispersion nature and low dispersibility for the 
2nd lens and the 3rd lens, the precision on those front faces of a lens can be raised. 
[0106] If it is in invention indicated to claim 17, while the aspheric surface constitutes 
the field by the side of the body of the 7th lens of the 3rd lens group, the aspheric 
surface constitutes the field by the side of the image of the 10th lens of the 4th lens 
group. Since these fields were made into the aspheric surface configuration which 
becomes shallower than the depth of the paraxial spherical surface in an effective 
diameter While being able to amend now the spherical aberration and comatic 
aberration by the side of a wide angle good, fluctuation of the various aberration by 
amendment and the 4th lens group of a curvature of field moving can be controlled 
effectively. 

[0107] If it is in invention indicated to claim 18, when the 3rd lens group and the 4th 
lens group make nuIII the equivalence Abbe number of the 3rd lens group and make 
nuIV the equivalence Abbe number of the 4th lens group, - Since it was made to 
satisfy the monograph affair of 0.018<1/nuIII<0.018 and -0.005<1/nuIV<0.005, various 
aberration in the medium focal location of a wide angle edge and a tele edge can be 
amended good from a wide angle edge. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing roughly the fundamental configuration in connection 
with the gestalt of operation of this invention zoom lens. 

[Drawing 2] With drawing 3 thru/or drawing 5 , the numerical example 1 of the gestalt 
of operation of this invention zoom lens is shown, and this Fig. is drawing showing the 
configuration of the 1 st lens group roughly. 

[Drawing 3] It is drawing showing the spherical aberration in a wide angle edge, 
astigmatism, and distortion aberration. 

[Drawing 4] It is drawing showing the spherical aberration in the medium focal location 
of a wide angle edge and a tele edge, astigmatism, and distortion aberration. 
[Drawing 5] It is drawing showing the spherical aberration in a tele edge, astigmatism, 
and distortion aberration. 



[Drawing 6] With drawing 7 thru/or drawing 9 , the numerical example 2 of the gestalt 
of operation of this invention zoom lens is shown, and this Fig. is drawing showing the 
configuration of the 1 st lens group roughly. 

[Drawing 7] It is drawing showing the spherical aberration in a wide angle edge, 
astigmatism, and distortion aberration. 

[Drawing 8] It is drawing showing the spherical aberration in the medium focal location 
of a wide angle edge and a tele edge, astigmatism, and distortion aberration. 
[Drawing 9] It is drawing showing the spherical aberration in a tele edge, astigmatism, 
and distortion aberration. 

[Drawing 10] With drawing 1 1 thru/or drawing 13 , the numerical example 3 of the 
gestalt of operation of this invention zoom lens is shown, and this Fig. is drawing 
showing the configuration of the 1st lens group roughly. 

[Drawing 1 1] It is drawing showing the spherical aberration in a wide angle edge, 
astigmatism, and distortion aberration. 

[Drawing 12] It is drawing showing the spherical aberration in the medium focal 
location of a wide angle edge and a tele edge, astigmatism, and distortion aberration. 
[Drawing 13] It is drawing showing the spherical aberration in a tele edge, astigmatism, 
and distortion aberration. 
[Description of Notations] 

1 [ — The 1st lens group, ] — A zoom lens, 1A — A zoom lens, 1B — A zoom lens, 
GRI GRII — The 2nd lens group, GRIII — The 3rd lens group, the 4th lens group of 
GRIV, L1 [ — The 4th lens, L5 / — The 5th lens, L6 / — The 6th lens, L7 / — The 
7th lens, L8 / — The 8th lens, L9 / — The 9th lens, L10 / — The 10th lens, L1 1 / - 
- The 1 1th lens ] — The 1st lens, L2 — The 2nd lens, L3 — The 3rd lens, L4 
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-AUVXo 

[fS2»S9] mi U>XP©m2U>X©*<fM©7-> 

^**8ow±jcr*t»c. *«HM©ms. «s© 

LfcCfc*1«S£T*»38I4tc|3«©X 

-AbVXo 

»««10] Ml UVX»©»2UVXtW3UV 
X©#S©7^f**8 0«±l«:r 
^3 UVX©'J>&< it. 1 0©ffiK#tfg©^JI£fl5fi£ 
LfcC£*1$«£t*»CTl lc|BB®X-i»U>X. 

w«^i 1 ] mi u>xp©m2 uvxtm3u> 

X©«K©7<>^»^8 OW±lcr*t«lCv 

m3 uvx©'>ft< tt. 1 o©ffi(cwea)9i^fl%)6jffi 
Lfc z t * &mtT zn&m 2 icib«©x-i. u >x« 
[»«fln 2] mi uvxi¥©m2u>xtm3u> 
x©w»©7-y^a^ 8 oj-x±icr^i:ftic. 
m3 uvxo'>«< 1 -xDmizwmom^mz&is. 
LtcZt * mK^r *n*a 3 lclBK©X- a u vx. 

[§f#E 1 3] mi UVXSW>lt2UVXt*3UV 
X©*M®7y'<tt*8 Ott±lcr*fc*«c* 
313 U>X©'J>&< tfc 1 0©ffilc«B©9^J|«^jS 
LfeCt*1*»ir*»*a6lC|B«©X-AUVX. 

[WRJH14] mi U>X»©»2UyXt»3U> 
XOtH(D7>'«*8 OW±(cr*fc*U:» 
m3 U>X©'>&< it 1 0©ffilC«8l©55l.>»%}BfiE 

Lit z t *imt t zm&m 1 (cia»©x- u u >x, 
w*Bi 5] mi ix>xp©m2u>xtm3uv 

X©»M©7->A:a«8 0J.x±tcf5<!:«lc. 

m3 L/>x©'>*< 1 -onmimmnm^m^mis. 

LfrZt Z imtt #JR 8 (CIBS©X- a u >x. 
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$g3 u>x©'j>&< tt, i -D<omizmss<om^iKmm 
[»*js i7) %3 u vx»©B7 u>x©«*n© 

B*#*BlcJ:oT«B-*-3£*tcB4 UVXS©B 1 
0U>X©BB©E£#8BteJ:oTflifi8U ZftiCD 

ffiffjtfi LfcCfc*BB£TSB*B3lcEB©X-A 

[B«a 18] b 3 u vxsaifB 4 u yxmftxr 
©b^sbe*-* c <b sitatr *w^s 3 ieeb©x 

-AU>X„ 

-0.0 1 8<1/v IIK0, 0 18 
-0. 0 0 5<1/vlV<0. 00 5 
BU 

i/ 1 1 1 : Jg3 b>Xgf©IP{ffi7 

v IV : Sg4 UVXS©«B7'j"<fk 

[£B©BB&KB] 
[000 1] 

[»¥!©BT*8»»5] *&EBli, itLTBftfflt 
r**y5©X-AU>X©Kfg^L IP "5. IK 
ttftX-A^?*SlCt,4W;bS*\ X-AtbtfSO 

1 . 88S£BS<* X-A£»fca3l^T*B 

iisatf s»K»iE*ftfcx-A uvx^aftt-r^fcto© 

«BteBf**©T*3. 
[0002] 

[ftjR©&ffi] fiejR©SSfflt*x^*^^©X-Ab> 
Xtt, 0>J*tf\ *fi*£l83l2 7 4 6 1 5 5#KEK£ft 
fcfc©©J:9UU BttflfreMtc* IE, IE. IE©E 

U>XS¥<tSg4U>Xgf©*M£l*Lfcy. #BB« 

Tffc. 

[0 0 0 3] LfrU&tfS, X-AU>XlC35t>T\ B 
B£Sffi*fl:&'J<filft:&*aft*- SCtti, ffi#S?© 

[0 0 0 4] fip-B, X-AU>X©Sllj£gI5n D D ©StfFt§ 

BftfrQfcfc*ta»ft««tfaitffcttofc*fc BBB 

?©'j«fbKj:-3T» 'm<t>wmm?ifStoi*Ts wit 

M©*# *Tt>Kfi*©X- A UVXflBMH«rBlcfc 

y > *a««»i:±EaBBE»fi©*s* /m»* < r * z t 

[0 0 0 5] *#BBAtt» ¥«9^1tfF^M2 3 6 3 
8 4^tCfctv*\ BB^AtBft 3mmTn5 0{g©X- 

kitzmmtz. BftBfrsntc* m. ie. a, ie 



(ommjimmzmt a 5 bbb©x-a i/vx*««t l 

[0 0 0 6] JJBSSBffiCX-AUVXtt, X-Att 

•J, 5TBBftXyXA*©^SR6Si (#fift«IE) £ 
*©B(*BfcB«T*©fc:*>BStfft#c>fc. 

[0007] aaBK»t*Ftv/^-*«<r 

^ZtftT-ttZttiK SffiiKS^fe)RS©ffiIE#S© 

[0 0 0 8] LfrLfttfS* ±E5B«B©X-Al/V 
X«, WTO* 3ftBHjft**r **»©?**. 

[0009] are. aa«u:£tt*F r 

*<h, 8fr$ r THffl±©I^S<!:^?.c:<!: i t$y, *fc» 
5BBBE©UV^R*©r*rc46s dpRtttcttBUVX 
©«**»*< fc»A ES£fB©X-AU>X<hLTte, 3 
X h#ff(^£l/t5Bfltf&ofc. 
[0010] 

[«BtfB»LJ:atr4BB] *56Wtt, ±ENUS 
ICS*. 4 8¥BfiE©X- A U VX©«EEttBS+»K3 1 
*HiT£*fc» X-Att©if<§i$HbK#?&8i/52g|5a D Q© 

«a±©BB«waw-*c£*BB£T**©-p*3. 

[0011] 

[BH*Ba-r*fc»©#B] ±EaB€£dtr3fctt 
K» *BBX-Al/VXtt. WT©*3ft«B*»r* 
t»©T'*5„ 

[0 0 12] bi©<e>©& *g»©u>xs*£*fT5£ 

BBBCX-AUVXicfeCT, BfeBttBlcffiB-rs 
Bl UVXB*» BfMfr£MK1WMlcafl*AtM>: 
DQ^-X/3XU>X©mi U>X£flL/VX©B2U> 

xtros^uvxst/^ffliciaffi^AJtrcfii/rx* 

XUVX©B3UVX(CJ:?TWBU B-2UVX®** 
BfclBRfitf 3 0 0 «±©«tt*Bl\ *©'j>fc < t 
1 B©SB(cBB©&^B€$BLfcfc©?££. 
[0 0 13] B-aT, flUVXT'«*S2UVX£Bfi 
B©*SkS§tt?£ff(<:HBU BttB©**t"Wtt* 
Bt^CtK«t-3T«feU*B«B©a<*^B*. fflSI 

©bi^b it <t o TffijE-r % z t ic <t o t&b&bbb* 

?#£«fc?lcLfc©T% X-AU>X©BBaXh*fiB 
[0 0 14] *5I^X-AU>X©m2©t© 

& aa©u>xsfswr**BBfie©x-Auvxtc 

ast^T. BtBttBlcfflBTSBl UVXB*. %{*{IJ 
tr6BlcB(MIU:aB*A»t/fcBy ZX*X U>X©» 
1 U>Xi:dbU>X©m2U>X ( !:©g^b>XSIf%l 
ftBlcaS^iRit+fcy -2.2)7. UVXOB 3 UvXlc«fc 
oT^figL, B3U>X©«BH:»BBtf3 0 0«±© 
B»*BL\ ^©'^<<h l t,1S©aBlc»Si©»^S 
«BBL^©?B«. 

[0 0 15] StoTx B(*ffllcfliB*Bt*fc^=X»X 
b>XT'S5M3 b>X^S^gco**^5B«T'Sffi(c 
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Situ mftm<D±z^®ttzm^%ztiz£-oT£[: 

*Bfl«0S<ftlMII** fflfliO»L^H:J:^>TffiiEr 
S£ilCcfcoT#g&Eililt£f#3J:?U:Lfc:©T\ X 
-AU>X©t«i=]3. h*fiWiCttfiirii45. 

[0016] Mit. ^^x-^bvxomaotw 
ftf*ftfr5n(c. iE©jisw3*iiL?itRiaso»i 

&wpm*n2\s>xmts £©B*f*j*au 

£©S3U>X#i, lEOEtfitlZ^U X-~><flZ 
£ £ *£teg©*iIE £7*—1j-s> ?©fc©lc»»Rra 
&S4 l^>XmtcJ:oT«lfiE?+i5X-AU>XlciJ^ 
Tv Si LxVXgfc, %ttmyiilc«*Wc£i®£|pJ 
ttfcDg^-X*Xb>X©mi b>XidlU>X©S2 

X£XU>X©S3UVXK<fcoTllfi£U S2b>X 
WMI4i k S»U:»i*afciaffi*fcttfcBI*=XJ!i 
XU>X©S4 UVX£lfillHU>X©S5 b>XiiS 

\syx<D%6is>xt<Dm-£is>xiz<i:-3Tffimu %■ 

3 l/VX**» *fMBfrS*fcfiiUVX©S7 UVXi 
IH]UVX©S8b>Xi©i££U>Xl;:<fcoTl£fiEU 
S4 UVX8*» !»f*ffl6^5l®^»f*fflHCiaffi«|^W/c 

ia^i:x*xuvxoS9u>xtCiUvx©*i ou 

VXiWSteUVXStHlUVXcai I U>XlcJ:o 
TWfiEU S1 UVXe*«Wfr*#U>X©'>JS:<t 
1 o©a«WBlcJ:oTa*U RMSMKcJ^T 

E©a*J:yfc»<tt*MOTBttiU C3BDO«d(c 

ttsaaicfifxifittaffioja* * y ta< &«ima 

fBttiLfcfc©?**. 
[0 0 17] Sfo7\ 'J^Offi«^?©=PJjS«S*ffilu 

fex-AuvxsafltrscttfRWgtft*. 

[0 0 18] 

[»B©a*©fl5«] ftffllC, *5§l«X-^U>Xfl)«| 

[0019] (i) tt»©uvx»ser«*»«ww) 

X-AU>Xlcte^T, at>*ftaK1ftBr«ai U>. 
X»G R I*. «*att6*fCa#aicaB*ni*ft:[!!] 
P<ZX*XU>X0S1 U>XL 1 i£iU>X©S2U 

>xl 2 toMssuvxazflWiiiciaffiSissttfcCi^ 

=X*XUVX©^3U>XL3lCj:oT«fiSU S2 
b>XL 2©ttftlcgf|jf 3 0 0H±O«!tttffll\ 

*©'>&< it 1 a©Bntca*©aiSKJg&Lfcc 

[0020] (2) «R<OL/VX»«*r«»S«aO!} 

x-Auvxicfcvr, afc&ftaictta-rssi u> 

X$G R I*. aftBfteaicattflieaBSlfMtfcH 

yrxAxuvxom uvxl 1 iau>x©S2b 

>XL 2 &©a*U>X&tflMtBfcaB*Alrtfci!!i;< 



-X»XUVX©»3UVXL3lc«l:oT«l«U S3 

u>xl 34>ttmcg»jttf 3 o ow±©a*#*fflt\ 
*©'>&< it, i MommizwjMcom^mzBtiiLrcc 
i«««ir*. 

[0 0 2 1 ] ±E (1 ) »tf (2) ©Mi. «jttf. 

x-uufs o«a«oaK«*x-L k u>x*/j^awc 

BttUI:5i*-*i*. «t.iWMBT^f*i LTjEOH 

»t***t*bi uvXffGRioflii/>xic«fflr* 

[0 0 2 2] fip-6, mmi<D2$lX'<* h/USflbBttlC 
METtlCf*. Eh A, db©3*HIMM>U>XBT\ '> 
fc< it 1 tt©flUVXttBft#»Jff5XXt*a»»# 
»Wtfl!«ltMS»«)!f5X*«ffl*#**ffa:L^ C 
/hSa»#«tt*aofc#5XI*»ft*tf 3 0 0J-X±i 

«Btett±tf*iE»HW&*.. BBffBStlH,*©? 

«iw*^r<» a*»» i&snyia'wvou^+y^ 

figitt. a*«¥3ff5xm#»B.(joG i s) ic 

[0023] -is. m±mo>e?*t)*7(Disyxit. 
&mmNPimm&tt l% i>f* mmz «t t$<iic 
aar*ciic«fc-3T, u>x©s«i=i3.h££<LT 

fcaa#*s. 

[0024] t£Zb\ ±iB©<fc 3 fc£;£T*±iegSlf 

aaa(c&t*«BittB©Bft*Baic «t sma ? *© 
a**tfcsrcijc«:*. 

[0 0 2 5] StoT, »»R©*Sl"> (3 0 

o«±) aw*flt^T, aaaa«HMKMffi»e«*L« 
t^H»Kj:-3Tu>x«eatcttiu ffinjg©a< 
tt^sgBosBtciiaa©*!^!^^ k«b§i© 
ainiauaoB^na a < e^-r 5 e i t «t ^ tug? 

LTs #5XU>X£«ga<WaLfciSil3tt©» 
S£ff5 <fc 3 IC Lfc<fe©?*5. 
[0026] ( 3 ) ftftffli^eiHC iE©S»r73^^ L 

aaasoai i/>x»GRii» a©a«T»*au. 

±i LTSfg©/c46^^SiPlfi6&S2 UVX8PG R 1 1 

i. E©aj«j**u «aHSfl5a3u>x»GRii 

liv iE©a«r**WU X-SV^lCtsajiSffiB© 

aiEi7*-»-»y©n:a6»ca»Rraaa4 u>xp 

GRIVlcJ:oTaBE?n*X-/»U>XlCfcLNT, Si 

u>xafG r 1*. &itaj:vM(c«{mcaffl£ffltt- 

/c!HJ^-X*7.U>X©mi UVXL 1 tiab>x©m 
2 U>XL 2 £(D&£[s>X7kZfWtmizaM*faltrc 
dP<^7.^7.bVX©S3UVXL 3J:r>T^fiEL, S 

2 uvxgfG r i 1*, witomfrzmziimmizihmzfa 
tt/cca/-z*xu>x©S4 u>xl 4aifnegi/> 

X©S5 U>XL 5 iflU>X©S6 U>XL 6 i©g 
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£l^>XK<fcoTttfi£U m3U;/X#GRIII£, % 
#mfr£>MlC£h\s>X<D%7 UVXL 7<hE3b>X©m 
8UVXL8tO«^UVXJ:oT«fieU S4UVX 
S¥G R IV*. Jd^lllCftfffiiJlCda^lRlttrctHl^ 

-x*xu>x<Dm9u>XL9«!:eiu>X(Dmi ou 

VXL 1 Ckrotg^UVXS^CiUVXOMl 1 b>X 
L 1 HCi^TML S&1 U>XS¥GRI£Jgfi£T3 
&U>X<D'J>&< it 1 0<0®£M$®K<fc?T*gfi!6 

[0 0 2 7] (4) ±|ESg 1 UVXSG R I0)#8S 
[0028] (5) «1 UVXSG R KDa^^ffi* 

■utinxi*ii«*^ti«sricJs-[E2hy< «fc 3 k Lfc 

[0029] (6) mi U>Xf¥GRI£flf/S-rS$g2 
U>XL2<!:m3UVXL3<Drt, 'J>& < <>: t, 1 0<D U 
>XOtt»©77^»^8 0iX±<h LfcCtSIMStr 

[0 0 3 0] (7) Sg1 UVXS¥GRI©m2UVXL 
2(D«»O7''yA;iil^8 0J.X±tc-rs<!:ttlc. ^-O^flJ 
©HIS«fc#»IHU: cfc o TtifS L fc E £ *1WS 4: T 5. 

[003 1] (8) mi U>Xf¥GR 10)112 U>XL 
2<hm3U>XL2 (D«*©7' * ^S££ 8 0 J.X±(Cf 5 
i^K. m3 U>XL 3tD'J>J&< £*, 1 -PCDSlCgiSiCD 

[0032] (9) m3U>X8GRIII©m7UVX 

b>XPG R IVOm 1 0 UVXL 1 O4>fltfl0!>lB*#8 

BKoa* J: y *»»< *zmwFS&t Ltcc tzmkt 

[0033] (1 0) »3U>XlBBttflS4U>XWtf 
JKT©*fl*«JEf * C <fc *1$tti-r «. 
-0. 0 1 8<1/v/lll<0. 018 (&#31) 
-0. 005<1/i/IV<0. 0 0 5 (sfcfriU) 
<§U vlll :m3b>XS¥GRIII©l?fffi7'-v^ v 
IV : m4 U>XS¥G R fV«tM7!"«tn. 

[0 0 3 4] IN. m3U>XffGRIIIOlffiffi7'->A:^ 
v I Wt.\ts m3U>XS¥GRIII£iiia3S&»£<hLTft 
»LfcflEStta*ffl«tjSBBi* fill* m7 Lx>XL 8 

7, f8. i/7. v8,!:?5<!:?« 1/flll=l/f 
7+1/f 8»lf1/f III •vlll=l/f7«v7 + 
1 / f 8 • v 8 4l»6»6ft*ffii:«t!:girt©*U>Xlc 



«*»Afc«T*y» ntt(c. m4uvxgfGRivon 

ffiT'-y^ai/IVttt, m4U>Xf¥GRIII£8ffiffiS 
X£LTtt>Lfc1ISIttftj«fttBMf IV. m9U 
VXL 9, mi 01/VXL 1 0»tf»1 1 U>XL 1 1 
©mja^t^^RS^ftWif 9. f 1 0. f 1 
1 s v9s v10. f\-\ttit*s 1/flV=1/ 
f9+1/f10+1/f1 1 St/ 1 / f IV • v IV= 1 
/f9-i/9 + 1/f10-i/10+1/f11 • v 1 
1 ffii:Wlc3rt©«lUVXlcH*SSil/c 

[0 0 3 5] ±fS (3) 7bm (10) (Dffimts 4S¥*I 

^cdx- a [syxom&wm x-u\to>mfemtizm 
£T*j:?uu suvxsfos^Rftwics-rt)©-? 

[0 0 3 6] mi UVXSGRI£»2UVX»GRII 

uvx^-rx<t:LTti. se^e^<^^6nr^ 

^^^Wr^t^T-^SdV mi UVXgfGRKDdb 

uvxic(ia«««tt*^r*«r5x*fiEfflLfc. 

[0 0 3 7] iiiLT. raft®SBSiRS«lliE 

r«a«T. mi uvxPGRi««^r%u>xa>? 
n«s mi u>xsfGRi*«ifiE-r**u>xoES« 

■WSWTflMLfclift, «MHM>7V*-|llclII*» 
[0 0 3 8] m2byXS¥GRIItt\ mi U>XS¥GR 
[0 0 3 9] SUVXmcllW^SBi:. JtttlC 

yxz&ommwmmizjsiiirmmtfm sisals 

[0 0 4 0] £/c. /£ftSas(C^TttFt>/\"-Ti*$ 

s^m^Mt^?, mi u>xpGRi<tm2u>x 
wgrii £fre>%£T%mmw.mois>x£%'\<Dm& 
«'j^<, ajSffl"jicx-£>-7"LTff<ic^^T> mi 

H©«iBiR»0564«tfJi*r*^ m2UVXPGR 
IfWMfeWBtK CtiKltflJLTti*-f3£>T\ 

^<mwmn&&m*>mx\-T* mi u>xs¥gr 

I«»:m2 UVXgfG R I iro^ffiiRM<DJT-6>iLBI«(D/\* 
^VXft^nT. U>X^tLT»S»«:ffiIE«3ZAi« 

[0 04 1] LfrU MlcMSWcX- = vyUT. A 
«3«Bl!tfl 1 U>XSG R l©MPa-p*iJIB*SW-T 
F ^-V/«-tF«Wcl«< ^^t. m2 UVXPG R I lie 

Awrs^iSttji^^UT. mi uvxpgri© 

^l??^HiRM6^«^ t a 5 *ft?» * K «. frfrto s r » 

m2 u>xefG r i is*-/«-«w)*iiiiRStta^-r* 
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tiffi jFt 5 C £ T*£ & < & * , 
[0 0 4 2] tZ*>T\ *ttiHAtt. Suit! WfiE9*f1f 
'ttM£2 3 6 3 8 4^Cfcl^T. JJBfra*!?8iiiiR8 

[0 0 4 3] ftz>T. *^X-AU>Xlcfc^Tt>. 
U>X3R©^^±iB5^5CcDt,^64^iCro i t, 

[0 0 4 4] *aW(££^Ttt» W1 U>Xf¥GRI<7> 

[0 0 4 5] ±BaSflj(C fel****«:»#WffiiBm 

LTilJaiWfflfcWiittft*. UdMHB, 0. 1 

L T» ttXfbUUKDlTS 5 S £ <h*l^ <b * *IT C 5 tf, 
iRMWSfttc^ LTSSiSlT ^« <t sBSMkfc «fc « flfrft 

[0 0 4 6] >a*«n^6©rnt lt<d#b£mi*ir 

frU Sffltfbfc**«tt©Sfb*iS-fl:T*e:4:fc«fc 

[0 0 4 7] */fc» a»#»tttf5X©H*f*{* 1 . 4 

9 as?, mmzmmt it0mmm<oBtnmit 1 . 

5 3gg<b-r5<!:, IB«iii«IB*W**JI»»tttt#5 
^bTSfc^aafitLTflMrscttfT?**. HP 

ia**s*i!BEu a*#tttt#5xd!>*B«*©ia* 

[0 0 4 8] N« R«#tttttf5X£tt» (n g - n 
F) / (Nf-nC) T'fmiE^mt7y<SLtT'm 
LTc737Z\ C 7 <£ F 2 t *tS-5WUJ»6** < fttl 
/c*»<D«V5tf, *&UI3tca3^Ttt, A*&#4mtt& 

8^8 0«t±©J!f5XSfiiUVX7»»**2 U>XL 2 
Xtt»3 U>XL 3tcffiETS«fc3U:Lfc. 
[0049] m3U>XgfGRIIItS4UVXI¥GRI 



SL/cUVX&i: LTtfttii«S2 7 7 4 6 8 O^KIB 
«**lfcX-.kUVXtf**. *LT. *fgHS©S*tt 

VXtcafttLfct,©?**. 

[0 0 5 0] LtTLft^S, ±IBa«tcE«*tlfcX- 

luvxi*. 8«fflt©x-^tt**r*t.©T*y» 
a* *«w<D«i^gjR©2sxtt5ii)nicj:y#a'RS* 

[00 5 1] flfttf. £3 UVXRG R 1 1 Hi. flUV 

xtcauvxttfa^tftiT^at^v a&aicfl&e 

& C*lS£lg£U>X<kLT, »£iac<&lfcL.*ffd 

CjU>XT$5M7 UVXL 7©%f*ffl©ffi:£#3SiE£: 

[0 0 5 2] Sg4bVXf¥GRIVtt, C3UVXT? 

S$1R9ls>XL9££iU:/X?&S&1 0UVXL 1 

ttl&©ffl£<b*H*4:«H:. Si 0UVXL 1 OOgtfBJ 

VXPG R IWN*nr«C£fc£««jroW(HQ*.« 

[0 0 5 3] *tc % Jttl|»S4«ftjHEII&lc£M-« 

[0 0 5 4] «±feiRMWffiiEtCli> M3 U>XS¥G R 
lll£»4U>X«GRIV0I5*tf**<» fg^feiRS 
©ffilEKo^Ttt, »4UVXeGRIV©*atf** 
l\ £fc, S?4U>XPGRIVtes X-~.y?mf7* 

iRMfcSi&CDZf H i: ft o Tl**. 
[0 0 5 5] ±K*f«1«:, m3U>Xi¥GRIII© 

IE6 ,i S4 U VXgfG R IViCfflSfttNj: 

[0 0 5 6] fip-6. *#SHC»UT. 1/vlllOffl 
*«±IS5a^.5<»:x S3UVX»GRIIIicJ:5fejgL 
Mtf^<ftoT, ^<D». m4U>XgfGR40)fe-;B 

[0 0 5 7] *<Dt&m* m4U>XPGRIV^e 

*L©/!:46©*fMc«SLr=*fl:a2tfe^T» 1/v 
IV0ffl6^Tll5S!lA5J:dtCft«t> S4UVX8GR 
I vro^Sjlcff 5 tt±feiRM t fS*&R£4)£Hitflt86 
B*fiATL*t\ C*ltfBfi*X-AU>XO*^it 

[00 5 8] 5»H:, SfeftaitCfe^T, 1/vlllO 
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IC. JMUVXPGRIV©fe>BL»Ji£Sl<tf#5**# 
£<£36\ CWCfcoT* fcfraziCfelT 1 /v IV 

[0 0 5 9] &u:» *5SEX-AU>X©*«flMEI6* 

[oo6o] t&augfcwzimtz. 

[006 1] X-AU>X1«. ftttfflfreilK. IE© 

ws&&m l£bb£©&i is>xmGR\t, mom 

XBGRIIt. jE©Uffift*ftU " «KIH3£©»3 1» 
XPGRIIIt, IE©IMWJ*#U X-SV^K** 

4UVXBGRIVlC*oT«**tU *1 U>Xf¥GR 

i *, y mfcVBK&iizaw&fttftzwt-xti 

XlsVXOffl U>XL 1 tfiU>X©m2U>XL2 

«t©ft^uvxsu c !te<*ffiijtcciffi^iRiwrce)^-7.*x 

UVX©Jg3UVXl_3cfcoTl§fi)cU »2UVX»G 

*xu>x©S4u>XL4stmeauvx©m5u> 

XL 5 fcfiiUVX©«6 UVXL 6 £©«£UVXK«fc 
oTltJfcU K3UVXSGRIII*. 4Mtfflfr6IR(c 
CiU>X©m7 UVXL 7 tP3UVX©»8 U>XL 8 
t©«^U>XJ:oT«JffiU »4 UVXWG R IV*. 
%H*<Mfr 6MICWNIIC dbHreAt*fcl9 * - X ii X U > 

x©m9u>XL9<hiau>x©mi oi^>xl 1 o<t 
©l££uvx&tWbuvx©Mii i uvxl i i icto 

[0 0 6 2] Sfcs X-/>U>Xl iCfc^Tli, Jg1L< 
>XPG R I©|g2 UVXL 2©ttftfH©IB#ftfe#« 



DBT*y, SfS3l/>XS¥GRIII©3l7U>XL7©!|aj 

tomommmffi-u&v. MuuvxgfGRivosgi o 

U>XL 1 0©^fiiJ©S6^HT'$i>o 

[0 0 6 3] »c» 2fr2U>XS¥GRII©Sl6U>XL 
6 £% 3 U>Xf¥G R 1 1 \<J>%7 U>XL 7 £©n(C» 
m)2h\ Sg4U>XgfGRIV<DHl 1 UVX<t^S3 
£©Fte(cii7<;U*4tfiBM;!rftTi^. 

[0 0 6 4] JWTfc* *swjx-^h/x©b*h*S5T 

[0 0 6 5] ft J-XT©S4WlCtJ^T. r i ' j % 

2>mZ¥. [r i ■] tt«*#JfrS&;LT i §g©ffl<Dfl 
Td i j liSg i St^ i + 1 &£<0?$Offi?3 

hl r n i j am \ u>xi_ i ttm&Tzttmodmc 
ds^*H»f*. r v rj ijg j u>xl i ^jg/s-r*** 

ft ©7 r f i j «m i b>XL i ©M£EA 

Tflllj «B3UVXSGRIII*Sa»»3R£LTW- 
S Lfeflratttt£j8ft£EK r f I Vj £Sg 4 b >Xgf 

g r iv«3a&*$£ LT^MLrcmmenti^gim^M 

ttv rniij m3UvXi¥GRMl©Hfi7'>A;ja v 
TvlVj g4UVXPGRIV©IPfii7y's:S(i:-r?)o 
[0 0 6 6] $fc, #£*E©£«tt, $$a6®S;*« 

rx u % 3ttti(rs©s*s thj 

x i =H2/r i {1+ (1 -H2/r i 2) 1/2} +£ 
(A j • j Hj) 

savrssicasiT* r e j «i ozm£tz>mwLmi 
*^-rt©7S y . ft*!** r e - 3 j a, r 1 o-3j 

[0067] ±XT©« 1 &tf0 2 li, &fIHSg#J 1 tc« 
fc^X-AUVXKDSSjfflStfMl UVXPGRI© 
*Sf£*7FT*>©T'£5. 

[0068] 
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ri 


di 


m 


vi 


rl=80.1Q5 


dl=1.35 


n 1=1.84666 


v 1=23.8 


r2=47.619 


d2=6.072 


n2=1.49700 


v 2=81.6 


r3=-97.923 


d3=0.08 


n2^1.53610 


v 2'=41.2 


r3*=-92.152 


d3'=0.2 






r4=25.491 


d4=4.458 


n3=1.49700 


v 3=81.6 


r5=79.293 


d5=variable 






r6=14.147 


d6=0.6 


n4=1.88300 


v 4=40.8 


r7=5.811 


d7=2.968 






r8=-7.933 


d8=2.5 


n5=1.806l0 


v 5=40.7 


r9=5.511 


d9=2.416 


n6=1.84666 


v 6=23.8 


rlO=332.371 


dlO=variable 






rll=&9 


dll=2 






rl2=15.357 


dl2=2.569 


n7=1.589l3 


v 7=61.3 


rl3=-19.031 


dl3=l 


n8=1.65844 


v 8=50.9 , 


rl4=58_888 


dl4=vaxiable 






rl5=16.761 


dl5=l 


n9=1.84666 


v 9=23.8 


rl6=8.975 


dl6=2.445 


nl0=1.58913 


v 10=61.3 


rl7=-29.720 


dl7=0.2 






*18=43.471 


dl8=1.575 


nll=1.689l3 


v 11=61.3 


rl9=-43.471 


dl9=variable 








d=2.52 


n=1.51680 


v=64.2 


7^^=00 









back focu8=1.20 



[0 0 6 9] ±IB«1 Kmt*5\Zs X-AU>X1<D 
0, d 1 4&tfd 1 9(*RlS(variable)T*«5. ft? 

t. S2icj£ftas (f = 2. 3i6).aae(f = i 

2 2. 0 2) &tfj2ft«£aSW&0*nflbft(fflI (f 

=40. 131) ic$5iiz±te9i%<DzmwM<z>zim 

[0 0 7 0] 
[82] 



nam® 


2.316 


40.131 


122.02 




1.85 


2.72 


426 


2coO 


59.15 


3.57 


1.16 


d5 


1.00 


29.05 


33.50 


dlO 


34.00 


5.95 


L50 


dl4 


11.33 


4.12 


13.16 


d!9 


10.00 


17.21 


8.17 . 



[0071] ztc, m3iz#&miz£?zmm-£nzm 

r 3' x r 1 2&tfr 1 7<Z)4:A, 6^, 8:*&tf1 0 
&<Mmm&& A 4 . A 6 x A 8 St/A 1 0 fcg*?". 

[0 0 7 2] 

[S3] 
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A4 


A6 


AS 


A10 


r3' 


+0.1293e-5 


-0.1974e-10 


+0.3254e-12 


+0.3000e-16 


rl2 


-0.7985e-4 


+0.6757e-6 


-0.7380e-7 


+0.1774e-8 


rl7 


+0.5169e-4 


-0.1560e.5 


+0.6792e-7 


-0.16006-8 



[0073] S4ictu!a&#a!Rtf2Kiira-r5&a 

[0 0 7 4] 
[S4] 



n 


14.84 


£9 


-24.25 


ffi 


•21.73 


flO 


11.98 


en 


46.80 1 


fll 


37.14 


i/vin 


0,00913 


fIV 


14.46 




1/vIV 


0.000987 



[0 0 7 6] 3£®iRM0U:fc^Tx HUtt d *SL © 

[0 0 7 7] S 5 King 6 II. »ffi&tt0|2(Cfltb3X 

[0078] 
[85] 



[0 0 7 5] g|3ftMll5t;:?-ft?;h., ftftft 





di 


ni 


vi 


rl=119.227 


dl=1.35 


nl=l.B4666 


v 1=23.8 


r2=55.556 


d2=6.22 


n2= 1.49700 


v 2=81.6 


r3=- 73.848 


d3=0.08 


n2'=1.53610 


v 2*=41.2 


r3«=-69.307 


d3=0.2 






r4=24.684 


d4=4.78 


n3=1.48749 


y 3=70.4 


r5=80.883 


d5=variable 






16=17.195 


d6=0.6 


n4=1.83400 


v 4=37.3 


r7=6.140 


d7=2.967 






r8=-8.11Q 


d8=2.5 


n5=l .80420 


v 6=46.5 


r9=5.754 


d9=2.389 


n6=1.84666 


v 6=23.8 


rl0=142.857 


dlO=variable 






rll=&?) 


dll=2 






rl2=16.080 


dl2=2.318 


n7=1.58913 


v 7=61.3 


rl3=-40.000 


dl3=l 


n8=1.65844 


v 8=50.9 


rl4=60.241 


dl4=variable 






rl6=15.341 


dl5=l 


n9=1.84666 


v 9=23.8 


r!6=8.211 


dl6=2.524 


nl0=1.58913 


v 10=61.3 


rl7=-34.598 


dl7=0.2 






rl8=46.011 


dl8=l.B67 


n 11=1.62299 


v 11=58.1 


rl9=-46.01I 


d!9=variable 








d=2.52 


n=1.51680 


v=64.2 











back focus=1.217 

[0 0 7 9] ±f3S5K;jVtJ:-?U:. X-AU>X1 A (f = 40. 

d 1 0, d 1 4&l/d 1 9ttpTS(variable)T'S5o ft [0 0 8 0] 

ol, (f = 2. 304) , WMm (f= [S6] 

122. 22) &vjt&mtwamto>*nmi5Bm. 



5 5 2) lCfcW«±IBRlSWSSPaPi(DS 
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2.304 


40.552 


122.22 




1.85 


2.75 


4.30 


2cf) 


59.63 


3.53 


1.16 


d5 


1.00 


29.07 


33.50 


dlO 


34.00 


5.93 


1.50 


dl4 


11.72 


4.27 


13.48 


dl9 


10.00 


17.45 


8.24 



[oo8i] m7iz$mmiz^oTmm^*i^m 

r 3' , r 1 2&tfr 1 7CD4&, 8$&tf 1 0 

% <ko>immim a 4 » a 6 » a 8 si? a 1 0 

[0 0 8 2] 
[S7] 





A4 


A6 


A8 


A10 


r3' 


+0.1778e-5 


+0.1648e-9 


+O.5000e-12 


-H).3000e-15 


rl2 


-0.8026e-4 


+0.1211e-5 


-0.9191e-7 


+0.1905e-8 


rl7 


+0.3749e-4 


-0.1208e-5 


+0.5198e-7 


-0.1600e-8 



[0083] a8Kni&Mrai&U2Kirar«&ft 

[0084] 
[«8] 



f7 


19.77 


f9 


-22.30 


f8 


-36.36 


flO 


11.51 


fin 


43.33 


fll 


37.17 


i/vin 


0.01230 


fIV 


14.51 




1/vIV 


-0.0000551 



[0 0 8 5] 0 7 7iSEI 9 tC^tvP*u /fcftffi 

& *ja«»ai«iftiBai*air. 

[0 0 8 6] S9RtfH1 Ott, »fi!IUS«IJ3fCfiRt)5 

[0 0 8 7] 
[*9] 
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ri 


di 


ni 


v i 


rl-ol.9iwS 


dl=1.35 


n 1=1.84666 


v 1=23.8 


r2=47.619 


(12=6.13 


n2= 1.49700 


v 2=81.6 


r3=-96.357 


d3=0.08 


n2*= 1.53610 


*2'=41.2 


r 3 =-90.775 


d3*=0.2 






r4*=25.773 


d4'=0.1 


n3<=i.536lo 


v 3=41.2 


r4=25.773 


d4=4.32 


n3=1.49700 


v 3=81.6 


r5=86.493 


d5'=0.1 


iiS^l.53610 


v 3=41.2 


^•=86.493 


d5=variable 






i6=14.943 


d6=0.6 


n4=1.88300 


v 4=40.8 


r7=5.740 


d7=2.813 






r8=-7.873 


d8=2.5 


n5=1.80610 


v 5=40.7 


r9=5.580 


d9=2.451 


n6= 1.84666 


v 6=23.8 


rl0=-80 1.107 


dlO=variable 






rll=&!3 


dll=2 






rl2=15.105 


dl2=2.551 


n7=1.58913 


v 7=61.3 


rl3=-18.072 


dl3=l 


n8=l .65844 


v 8=50.9 




J t A * „L|„ 

a I4=vanaule 






rl5=16.946 


dl5=l 


n9=1.84666 


v 9=23.8 


r 16=9. 104 


dl6=2.342 


nl0=1.58913 


v 10=61.3 


rl7=-33.982 


dl7=0.2 






rl8=39.872 


dl8=1.620 


nll=1.5891S 


v 11=61.3 


r!9=-39.872 


dl9=variable 








d=2.52 


n=1.51680 


v=64.2 











back focu 8=1.250 
[0 0 8 8] ±IBS9lC^-r<l:5lC, X-AU>Xl<*> 

0, d 1 4&tfd 1 9l*Rr^(variable)7$5o S£o 
Ts SI 0lc£fS!ifc (f =2. 3 1 6K MiSiffi (f = 
1 2 2. 0 2) Ktfl^££aaiS£0*l9titj£tta 
( f = 4 0. 13 1) lCfiW-*±ERlS©»lBIBIl©* 

[0 0 8 9] 
[*1 0] 





2.309 


38.715 


123.210 


FT/rT- 


1.85 


2.68 


4.31 


2«C) 


59.08 


3.69 


1.16 


d5 


1.00 


29.05 


33.50 


dlO 


3400 


5.95 


1.50 


dl4 


12.19 


5.19 


14.10 


dl9 


10.00 


17.00 


8.09 



[0 0 9 0] Si HC^»B5lcJ:-3T«ia*ftS 
Br 3' » r 1 2&tf r 1 74>4& 6%. 
0*©#S&ffi«RA4, A 6. A8StfA1 0*^f. 

[009 1] 

[aii] 
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A4 


A6 


AS 


A10 


r3' 


-K).1319e-5 


-0.5105e-10 


+0.4923e-12 


+0.1244e-16 


rl2 


-0.7092e-4 


-0.1114e-6 


-0.3056e-7 


+0.9796e-9 


rl7 


+0.5598e-4 


-0.1500e-5 


-K).6170e-7 


-0.1417e-8 



[0 0 9 2] «1 2t£fflEftfraiStf2lC»ir** 
[009 3] 

mm 2] 



f7 


14.38 


© 


-24.68 


f8 


-20.69 


no 


12.44 


fffl 


47.15 


fll 


34.10 


l/vm 


0.00872 


QV 


14.45 




1/vIV 


0.00126 



[0 0 9 4] 01 -\Jbm.mi 3lC*tl«U & 

[0 0 9 5] W±lcEKLfc*dlc. *«WlcJ:*i(ir» 
StJfc. H»Wfc4i^j£©X-AU>Xtf:iffft&«fiEg 

^^iijiD-r 5 f£^T\ >MHb l ft it mm* ©an*** 

SK&ra3(c£j$ Lft X-A U VXSWJW 3 £ <h tfpj 
[0 0 9 6] £ft. ±e&4timE®iE*£fc-&(v:J: 

[0 0 9 7] MEJttt«>KB^£^Ti3tLfc*a0 

ft oT©JM«fc©sA,©HH*jK oft z 

[0098] 

[&««>8iX] tt±telE«Lft£: CSfrSHIiSfrfcJ:? 

jc*^x-Au>xii, «»ou>xgf**-r*^i¥ 
«fi£cDX-iv u vxicfc^T. stw^fljicttB-rsm 

*-XAZ\syX<D1Sl U>Xi:flUVX0m2UVX 

t b > xs tfwtft 1 1 c a b « ft w- ft a * - x * x 

UVX©M3UVXtCj:-DT«fiEU Sg2U>X<D#ff 
KWHW3 0 0iSt±OBitt*ffit\ £*, 1 

H©gHlcfflflgO»^H*fBfiXLft©T\ fiUVXTS 

tig©** IMttKAk^ C <t K * o T£ USSfftS© 

oT&g&ffiffJf^fSJ^lcLft©?-, X-^U>X 



[0 0 9 9] »CTI2lcEKLft»Wlca5-3T«» «tt 
©U>X8£^-££g$j£©X-AbVXKfc^T\ 

atWMRiicfinrsft i u>x?*£. wmh^snkc 

%(*ffl»ciiiH€'ftttftlHlp<-X*XUVX©Sl U>X 

££iu:/x©sg2 u>X£©&su>XKtf«*fljKi£b 

ffiZmftc*-Xt)Zl>yX(Dm3 UVXtC<fcoT*8fi£ 
U m3UVX©#KlClgftlttf3 0 0W±©5Btt£8§ 
l\ *©'>&< <hfc1®©Sffilc«Bt©^JI£fl5fi)cL 

ft©?\ Urttfcfcflfflfcifittft/^xaxi/vXTfc* 

«3UVX«JW€Bfl!)**i^««rWBilc88fiU ®& 

if ©*$ £ * c t tc J: o t£ u %E*§g©g 

T^£iS*Slt£*§S<J:5lcLft©T\ X-AU>X© 
Sign* H«fta«-i5CttfT*5. 
[0 10 0] H«4[3(ClBttLft^[Cft?T». %<* 

t. ftCJMWjSfrU ±£ LTSeroft«>lC^»)Dllg 
^S2U>XSt, IE©JB*t7J*WU 5gB§BSE©Sg3 
UVXSt. jEfl>Bi«J**U X-5 >?lcj:«i[d 
ttH©ffiIE(!:7*-A-»y<Dft46lc»i|5rigftS[4 U 

l>>Xm*s WttffliJJ: UM(cWMicaH«Kg^l9p( 

fWW^SMBJciWfliiciaffiSisaitftia/^xAxuvx 

©314 U>XRtfplglH]U>X©m5 U>Xi:£iU>X© 
£6U>X<h©18£UVXU:«J:oT*§fiEU Sg3UVX 
1l#ll#S*K:iauvX©*7l/VXin3UVX 
©»8UVX£©J^UVXtcJ:oTlllJ«U S4U> 

*xuvx©S9u>Xi:iauvx©mi ouvxt© 

S^UVXStfiSUVXWSl 1 UVXlCfc-aTHUa 
©■Kf#«fflU:*oT*JSU K*«iHKJ:oTfllfi8? 
**yt»»<***J*BBEtt£U C3ffl©«^lCttWJ» 
Lft©T\ 'Jv£!©*«*?©#J£*«*IBtf:£fr LT, 

[0 10 1] £ft. B*E4fc:B*Lfc»H(«:*oT 
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[0 10 2] HWMl5»cB«L/t»WK«-3Ttt» 
artT*WtliDXtt*iW / >i:ja6flcl&-U:jfi-3<J: 

[0 10 3] lt£4l6HBKLfcftHtc&?T& Hi 
<£t>1O(DU>X®ttS<&7'y^S£8 0JX±<!:Lfc 

[0104] »c* m*-m7nmmm9ic&mLtc% 

Wc8oTtt* Si UVXP<0*2U>X©tt»©7 , > 
"?tt*8 0W±KTSi:*lCs fQSSOSiillitttt® 
»^g£»fiETSC£K«fcoT«JSLfc©T\ ft2U> 

x»=a«siM«ttt«iM»tt**teflijircttfiflWB« 

[0 10 5] Httm OTbSif^Jgl 6(CGttlfcft£ 
KS-aTl*. fti L/VXf¥©ft2UVXi:S3UVX© 
*Mfl57v'*R*8 0«±l=r*i:«fc» »'3UVX© 
<bfc 1 -3©lBlc«MBfl>Slt^JI*mLfeOT» ft 

2 u>xaif»3 uvxtcawfiPSMMRtttttJMWt* 
^tttiCs *ns®u>xaiso«s*iRi±*#*cfc 

[0 10 6] M$g1 7iC|BKLfc»IHJC*-3TI*. ft 

3 L/>XS¥©ft7 U>X©W*fflfl!)ffi*?WffiKJ:-3T 

*gj5£-r?.i:»icm4 uvxs©in o i/>x©«fflijoa 

a«i«scD^? <t y &s#$®j£t*<t Lfc®?\ 
i£ftffl©affiii5iiit=i?iBm*affKttjEf scttf-p 

**«fc?lc**««c» fltiftl ffi<Z>ii§IE&tfft4 U>X 

[0 10 7] M$B1 8JCB«Lft*WlC*-3Ttt» ft 
3UVXS&l864UVXStf; vlll*»3l/>XS 
©«B7y^fc i> I V£ft 4 U>XS¥4>ftffi7 
TZtZ. -0. 0 1 8<1/vlll<0." 0 1 8&tf 



-0. 0 0 5<1/HV<0. 0 0 5©&&#£3i£? 

. [nscDtam^^] 
[Ei] *ttx-u\syxomtm&icst>zm* 

[02] H371MH5tttt=» *JWiX-^U>X©« 

«©»iw>BM»»«yi«srt©?*yv *h& ft 
1 uvx»©«wi*««ttic^rHT**. 

[03] fcfcffitcfcttSSEiRII. tttjAiDOI&tattfi 
g*3*T0T*£. 

[04] JttJ|&ffM&0>*n«Ara£&l*«*lll 

[05] SSJStcfcltS^ffiiRM, #£iRM&tf£ili|iR 

[06] H7»5H9ittl=. *58WX-^U>X©H 

1 U>XSO«fll««l8«[c^rHT**. 
[07] tflftaiStcfcttSJSEiRM. #jftRS&tfSlli|iR 
M£5Vr0T&5<, 

[08] a&mtwamto+nmjSiiim.ic&tzMtt 
[09] aatttc£i*«ttna&> nsMmxivmm 

[010] 01 17SS01 3tmc *5i^X-Z»b> 

x©ws©»iM>ttfflaissfli3*srt.©Ta5y» *0 
a* fti u>xaw>*ja*«w«ics«rH-p*4. 
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